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ABSTRACT
An updated compilation of 300 E.coli mRNA promoter
sequences is presented. For each sequence the most
recent relevant paper was checked, to verify the
location of the transcriptional start position as identified
experimentally. We comment on the reliability of the
sequence databanks and analyze the conservation of
known promoter features in the current compilation.
This database is available by E-mail.

INTRODUCTION
We present an extensive compilation of E. coli mRNA promoter
sequences, based on experimentally identified transcriptional start
positions (1-200). Previous compilations of E. coli promoter
sequences (201-203) comprise one of the most extensively
studied datasets of sequences with a common function. These
sequences have been used in studies attempting to extract
sequence dependent features that correlate with promoter function
(204-207) and with its specific recognition by RNA polymerase
(208-210). In many studies, E. coli promoter database has been
used as a test case to evaluate the efficiency of various algorithms
aimed to identify consensus sequences (211-215). Our interest
is in identifying sequences dependent characteristics that correlate
with promoter function. For such computational studies, based
on sequence data alone, the accuracy of the sequence data is
essential. We therefore carried out a careful screening of the
databanks and relevant literature and organized an expanded and
updated database of experimentally identified mRNA
transcriptional start positions and their corresponding promoter
sequences, to be used in further studies. We believe that this
updated database of E. coli promoter sequences will be useful to
other researchers as well. The sequences can be obtained by
E-mail upon request to HANAH@HUMD2.HUJI.AC.IL

COMPILATION PROCEDURE
The compilation includes 300 DNA sequences extracted from
Genbank release 71 and EMBL release 30. For every mRNA
promoter the relevant paper was checked to verify that the
transcriptional start position as annotated in the databanks had
been determined experimentally. When there were recent papers
on promoters reported in previous compilations (202 -203), or

in previous versions of the databank, we checked if a more
accurate identification procedure of the transcriptional start
position had been carried out, and, when necessary, put in the
appropriate corrections. Most of the promoters had been identified
either by SI nuclease or primer extension mapping strategies.
For some promoters, sequencing of the mRNA or in vitro
determination of the transcript size had been performed. In cases
where there were previous S1 nuclease mapping and more recent
mapping by primer extension, we referred to the position
determined by the last procedure. When there were discrepancies
between the literature and the information in the databanks, we
used the information from the literature.
The sequences listed in Fig. 1 are aligned by the transcriptional

start positions (indicated by lower case letters), and extend from
-75 to +26 relative to the transcriptional start position. In
sequences with several identified start positions, all the positions
indicated in the experimental paper were marked, and the most
prominent one was used for the alignment. Where no major start
position was proposed in the experimental paper, the alignment
was done by one nucleotide, preferably A. The sequences are
listed alphabetically by the promoter name. Usually, the name
of the promoter indicates the name of its gene. In several cases,
the experimental papers assign to promoters names with no
reference to their genes. These names were used in the
compilation and are marked by a -. Also listed are the
corresponding references and the transcriptional start positions
on E. coli chromosome in centisomes. Locations in centisomes
are based on the file EcoSeq5 that contains the E. coli genes and
their locations on the chromosome in base pairs (216). To get
the centisome coordinates we divided each location in 46722 (1%
of the genome size in EcoSeq5).

COMPILATION REMARKS
The ultimate goal of the sequence databanks is to serve as reliable
sources of information regarding biological sequences. It should
be possible to automatically extract sets of sequences of interest
from the databanks and use them as databases for statistical and
computational analyses, aimed to reveal new biological and
structural facts that are encoded in the sequence. While generation
of such databases is technically easy, we found that their reliability
is not satisfactory. Especially, we would like to consider two
points.
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aceB CAAGTTAGATTATAATGATGTTGTTGATTATATGCTGT GCGAGAAACCAAT(1) 90. 87

aceE ACACCTTAACCGACAAGAACTTTATACTCGCAATC TGGCGTCAAACCAGAT(2) 2. 64

ada TCTGCGGAAATAACCAATTGTTTCTAGTACGCGCA GGtTCTACGGGTATTA(3) 49. 71

alaS AATGCAATTCGCGAGAAGTTTACTCATAGAATACTTCCCTTATACGCGC TT(4) 58.10

al kA AGCGAAATGTTGCCGTCGCGACAACCGGAATATGAAAGCAAAGCGCAGCGTCTGAATAACGTTTATGCTGAAAGCgGATGAATAAGGAGATGCGATGTATA (5) 46.21

amn-Pl1CTAACTGGAACTCACTGCTCCTTTTAATCGGCTCACGttCGATGAGACGA (6) 44 .25

amn-P2 GGCGAAGATCATCCGATCTTCGCCTTACACTTTTGTTTCACATTTCTGTGACATACTATCGGATGTGCGGTAATTgqtatGGAACAGGAGACACACATGAAT (6) 44 .25

ampC GCATGTTCAGTTGTCACTAATGCCCGTGTTGTCACACCTGCAGAACGCC CT(7) 94 .40

ansB TTATTCTTGTCTCTTATTTGTTCAAAATAGTTATGTAC CAATCCTCGGT GG(8) 66. 77

araBAD CAACTTTTCTAATGGACTCTAGTTTTGACCCATTTTCTCCTTTTGTGG AAC(9) 1 .51

araC TGAACAGGGCCGGAAATATTGCTTTCGGTAAAATTGTC GTTTTAGCTGT CG(10) 1 .52

araE GCCGATTACAATAGTTTCACGCCTCTATGTAGATTTATTTTATTTCGCG AA(11) 64 . 22

araFGH GCACGTTCTCACTGTAATTCTGCGATGTGATATTGCTCTCCTATGGAGAATTAATTTCTCGCTAAAACTATGTcaSCACAGTCACTTATCTTTTAGTTAAA (12 42. 81

araJ TATTCGAGTAGAAAAGGGATTTTGCTGTGCTACTCACACCTATGTCGGTGT(12) 8.97

argCBH-Pl CGGTAAATCTCGATAAATGGCGGTAATTTGTTTTTCATTGTTGACACACCTCTGGTCATGATAGTATCAATATTCaTGCAGTATTTATGAATAAAATACA (13) 89. 55

argCBH-P2 ATCAGAGCGCGGTAAATCTCGATAAATGGCGGTAATTTGTTTTTcOATTGTTGACACACCTCTGGTCATGA (13) 89. 55

argE-PI TGCGTAAGAACTCCTAGCGTGTTATCCCAGTGGATTATTAAATCTATTAAT (13) 89. 55

argE-P2 CGGAGAACGGTACTCCCTATCTGGTAAATAACGTTTCTTGGTGGTTCT GCA(13) 89. 55

argF TGCCACTGAGAGATTAAGGTGAAGAATAAAAAATATTaTCAAGGCTCCACG(14) 6. 38

argR-P1 TTAACTATCGCTTCGGTATTTCTAATCTTTTCCAATTgACACCAACGTAT (15) 72.85

argR-P2 ATGCCGTGACGCAGGCATGTTTCTCAATAACGAAATTTGATAAAATCCCGCTOTTTCATAACATTATTTCAGCCTTCT (15) 72.85

aroF GCAATCTTTATAATTCAAAGATAACTATTTTTACTAGCTCCCGGACATTCA(16) 58.95

aroG GTATTGATACGTAATTAACCTTCCTCGCGAAAATTGATTGATATAAAGAGC(17) 17.01

aroH CCAACTGCTATGCATTCAAACATCTACTTTTTTACTCACCCGCAGGGCCCT(18) 38.46

aroP TTACATACTACAGAAACGTCTCCGCCTCATTCT TCGCGATTTTTAATCA TT(19) 2. 62

asnB ACCATCTTTATTTACCAACCTCCCGGTCTGGCTTTTACAAACCAAGACAAC(20) 15.18

aspC AGCTCAACGCGGTTACGATGTGATTTATTCGTCCGTGGaTCCTTTACTAGA(21) 21.24

atpB-Pl1 GCCTCGGCTTTCAAGGGGCGCGCTCGCACTTGTAGTTtCTGGCCAGGAAA (22) 84.53

atpB-P2 GCAGTTAATCGCAGTGGTCGTGGCTGCGTTAGGGATTGCTGTGTCTGTTGT(22) 84.53

atpIAAATAAATATACTTGTCTTGTGATAGGGGACTTATGClTTTAGTGCCAGC (22) 84 .54

bioA ATTCGGGGGTACAGGCTCAAGGTTTTGTATGTTGCTTACTATTTCATGTAC(23) 17. 52

bioB GTGCAGCAACTCTGCTACATGAACATGAAATAGTAAGCACCATACAAAAAC(23) 17.52

btuB TTCGTTGTATCTTTTACAGCGAATATGTCACGAATCCTCGTCGGGTAAGAT(24) 89. 74

c62.5AGAAGGGAGTACGTTGTGATATTCTGCCACCCCctCGttSCTAATGCTATA (25) 10.74

ca rAB-PlCTACAAATAAAAATCGCTAGTATTACCCTTTCGAGCCOTGCGATCTGTAC (26) 0. 64

carAB-P2 TGCCGTGCGATCTGTACGTTCTGTTCTACTGGATAAGA&AATATATTCCGA (27) 0.64

carB CCGGCCCGACACCGTCCCAGCCCGTTCACCTACATATGgATCGAACGTATA (28) 0.67

cdh GGATAATTATCAAACCCGGTGGTTTCTCGCGACCGGGTTTTTTATTTGTCACGATTTTGCGTTACCCTTGCATCTcTTTGAGGTACAGGAAAAAGTG (29) 88. 59

cir-Pl TCAATTCCATTTCCCTGACAAATCATGCGGATATAAAATTTAACATTTGGATTGATAATTGTTATCGTTTGCATTaTCGTTACGCCGCAATCAAAAGGC (30) 48. 33

cIr-P2 CCTGACAAATCAkTGCGGATATAAAATTTAACATTTGGATTGATAATTGTTATCGTTTGCATTATCGTTACGCCGCaATCAAAAGGCTGACAATCAGAG (30) 48. 33

clcA ATCCCGTATTGCAAAGGCTAAAAAAAGGTATTGGACCGCATGACACGCGAATCTTAGCATTCATGTTTG0MGCACcAMCTCATCGGTGTTTCAACCATCAG (31) -

clpB GTACGCGTGATTTTCTTTTCACATTAATCTGGTCA!ATAACCTTGAATAATTGAGGGATGACCTCATTTAATCTCC&GTAGCAACTTTGATCCGTTATGGGA (32) 58. 75

clpP-P1 TGAATTTTGCATGGAACCGTGCGAAAAGCCTCTTTCGGTGTTAGCGTAACAACAAAAGATTGTTATGCTTGAAATaTGGTGATGCCGTACCCATAACACAG (33) 9. 92

c1pP-P2 TCTAAAGTAGCTCCTAAAGCACGTACGCAAGTAATGTCG GGTTTATTA CGG(33) 9. 92

crp ACGAGGCTGTAGTAGGGCCAGGCCAGGAGTTCAACGCGAGTCGATCTGTTC(34) 75.05

crr-P2-I ATCTATTGCCATATACCGAATTGATGCGGTAATTATCCCTTCACATT CGCC(35) 54 . 64

crr-P2-I I TCTTAGTAGCATGCGCTTTGGGTGTGGTACTCAATCGT TGGAGGCGA ATCT(35) 54. 65

cspA-Pl1 TTCACGTATAAAAGAATATTGACCCCATCTGTATCCT&CGTGCTCGCATA (36) 80. 10

cspA-P2 CATCTGTATCCTACGTGCTCGCATAGATTGAGCATCTCA GTACTGTCC CTA(36) 80. 10

cya GGTAAGTCAATGAGACCTTTTTCGCACGAGTTAATACC TTAACTTTCTGGA(37) 86.02

cyoA GCTGACAACAGACGATTACTTTCGATTACTCGAATCCCCCTAAGCCAACGT(38) 9.82

cysDTATCTAGACATATTATGATTATGTTTAGTCTTGCoAAcGTGAGAAACGAT (39) 61.96

cysE TAAGCAACGGAATACATTAATCGAAAGGGGGCGTTATTCAGCTCCCAGCGC(40) 81 .47

cysJIH CGTATGTTGTTATACCACCTTTACAACTTCCGTACTCTCCTTTTAGGGGCA(41 62.31

cysK-PI CTATCCTTTTTGTTCAACTATCGAATTTACGTTCACGTrACCATCTCGTAG (42) 54.58

cysK-P2 GGCTTCGCCTTCACTCTTATTTCTCGAAAAAGTATCTCTCCTTCCGGG TTG(42) 54. 58

dapA AAACTCTCAATAACGTTTTCTCTTAGCTCAAGACTAGCCTTTCCGGAGCAT(43) 55.82

dapB CCGTACTATTTATTACTTTGTGGCTGGTCCGTATTAAC TCAGAATAAAGAA(44 0. 61

dapD TCCTAACATGACGAGGACGGTGCGGCCCACAAGTAGGGTtTTCGTTAAGTT(45) 4. 11

deo-Pl1 GCGGTTTGGTAGCGACTTATGAACACCTTGGTGATTAaAGTGACAGACAT (46) 99.49

deo-P2 GAATGAGAATCTATGGTTTTGATTTGGATGTTAATCACACCCAGGATT TGC(46) 99. 50

deo-P3 AATGCAAACCGAACCCACGCACCGACGGAACGAATACGTTTAATGACCATA(47) 99.55

div AACAAGGATTTTCACGTTTGTGTTACCTGTATGAGACGAGAGTTAACCGGACAAGTGTGCCATAATCTCGCGGCCaGGCATACTTGCGAAGATTTCAGGTA (48) 52.57

dnaA-Pl1 CAGTATATTCATTCGGAACTCCCTGGCGACTTCCTGGgTTGAGCTTGTAT (49) 83.65

dnaA-P2 GAGCTTGTATGGAACGGGACGAACCTCCGTAGTTACGgtcGTGTTCGATGA(50) 83. 65
dnaK-Pl AAAAGCACAAAAAATTTTTGCATCTCCCCCTTGATGACGTGGTTTACGACCCCATTTAGTAGTcaaCCGCAGTGAGTGAGTCTGCAAAAA (25) 0.26

dnaK-P2 ACGATATATTCAAATAATGCGTAACGCTTGCCATCGCcCCCCTAGCGATTA(25) 0.27

dnaN-Pl1 AAGCGCAACAATGTGCGCAGGCTCTACCAGGCAGTTAgaGGGTGAGGGTA (51 83. 63

dnaN-P2 CTGCTGGGGGCCGGGCTCGCTGAGAACGTACTGCAATAAGCGGCGGATAGA(51) 83.62

dnaN4-P3 GCTCGCTGAGAACGTACTGCAATAAGCGGCGGATCAACAGCCGTTCTC AC (511 83.62
dnaN-P4 CGGTGCTTCATGCCTGCCGTAAGATCGAGCAGTTGCGTGAAGAGAGCCACGATATCMAGMGATTTTTCAMTTtAATCAGAACATTGTCATCGTAAACC (51) 83. 62
dnaN-P5 AGAAGATTTTTCAAATTTAATCAGAACATTGTCATCGTAAACCTATGAAATTTACCGTAGAACGTGAGCATTTATtAAAACCGCTACAACAGGTGAGCGGT (51) 83. 62
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dnaQ-Pl
dnaQ-P2
dnaT

drpA
dsda

fabB
fadL
fdhF

fepA
fes

rATCAGGGAATGACCCCACATAAAATGTGGCATAAAAGATGCATACTGTAGTCgAGAGCGCGTATGCGTGATTTGATTA

C (52)

G (52)

C (53)

r (54)

G (55)

k (56)

r (57)

k (58)

k (59)

r (59)
flaA AACGTCAGAGGTAGCACCGTAATCC(CGTCTTTTCCCCGCTTTGTTGCGCTCAAGACGCAGGATAATTAGCCGATaAGCAGTAGCGACACAGGAAGACCGC(60)
frd AGCCCTCTTGCGCACTAAAAAAATCGATCTCGTCAAATTTCAGCATTATCCATCAGACTATACTGTTGTACCTAT AAGGAGCAGTGGAATAGCGTTCGCA (61)
fumA AGTAACCTGGAGCCGCAAAAAGTCGTACTAGTCTCAGTTTTTGTTAAAAAAGTGTGTAGGATATTGTTACTCGCTtttAACAGGGCAACGGAACACCCGCC (62)
fur-Pa GCCACGTTTTTATTAACAATATTTGCCAGGGACTTGTGGTTTTCATTTAGGCGTGGCAATTCTATAATGATACGCaTTATCTCAAGAGCAAATTCTGTCAC (63)
fur-Pb AAGCTGTGCCACGTTTTTATTAACAATATTTGCCAGGGACTTGTGGTTTTCATTTAGGCGTGGCAATTCTATAATgATACGCATTATCTCAAGAGCAAATT (63)
g3Ok-rpmF-P1 AGGCTAAAATAAGTTTAGGCATATTTTTTTCCATCAGATATAGCGTATTGATGATAGCCATTTTAAACTATGCGCtTCGTTTTGCAGGTTGATGTTTGTTA (64)
g3Ok-rpmF-P2 ATTATTGGCAAAAGGCAACCACAGGCTGCCTTTTTCTTTGACTCTATGACGTTACAAAGTTAATATGCGCGCCCTaTGCAAAAGGTAAAATTACCCCTGAC (64)
gal-Pl AATTCTTGTGTAAACGATTCCACTAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTC(TACCATAAGCCTAATGGAGCGAATTt65)
gal-P2 GGCTAAATTCTTGTGTAAACGATTCCACTAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTaTTTCATACCATAAGCCTAATGGAGC (65)
gene-x TCACTTCATCACATTCTTTCTGAAAAACACCAAAGAACCATTTACATTGCAGGGCTATTTTTTATAAGATGCATTtGAGATACATCAATTAAGATGCAAAA (66)
glnA-Pl TCGCTTTCACGGAGCATAAAAAGGGTTATCCAAAGGTCATTGCACCAACATGGTGCTTAATGTTTCCATTGAAGCaCTATATTGGTGCAACATTCACATCG (67)
glnA-P2 GCACGGATGGTTGCGCATGATAACGCCTTTTAGGGGCAATTTAAAAGTTGGCACAGATTTCGCTTTATCTTTTTTaCGCGACACGGCCAAAATAATTGCAG (67)
gInH-Pl TTTTTGTATCCACATCATCACACAATCGTTACATAAAGATTGTTTTTTCATCAGGTTTTACGCTAAATMTCACTgTGTTGAGTGCACAATTTTAGCGCAC (68)
glnH-P2 GTGCATCACGTTTTTGCCGCATCTCGAAAAATCAAGGAGTTGCAAAACTGGCACGATTTTTTCATATATGTGAATgTCACGCAGGGGATCGTCCCGTGGAT (68)
glnL TCTCTGCATGGGCTTTTTTCTCCGTCAATTCTCTGATGCTTCGCGCTTTTTATCCGTAAAAAGCTATAATGCACTaAAATGGTGCAACCTGTTCAGGAGAC (69)
glnS TAATCCTTGTTAGATTATCAATTTTAAAAAACT(0CAGTTGTCAGCCTGTCCCGCTTATAAGATCATACGCCgTTaTACGTTGTTTACGCTTTGAGGAATC70)
glpD ATAATGTTATACATATCACTCTAAAATGTTTTTTCAATGTTACCTAAAGCGCGATTCTTTGCTAATATGTTCGATaACGAACATTTATGAGCTTTAACGAA (71)

k (72)
(72)
((73)
(66)

;(74)

gltA-Pl
gltA-P2
gltB
glyA
gnd
groE
grpE
guaBA
gut

gyrA

CCCGATTTTGTGCTGATCAGAATTTTTTTTCTTTTTCCCCCTTGAAGGGGCGAAGCCATCCCCATTTCTCTGGTCaCCAGCCGGGAAACCACGTAAGCTCC (2 5)

GGTCCTTGTTGCGAAGATTGATGACAATGTGAGTGCTTCCCTTGAAACCCTGAAACTGATCCCCATAATAAGCGAaGTTAGCGAGATGRATGCGAAAAAA ( 7 5 )
: (76)

CAAATTAAAATATTTATCTTTCATTTTGCGATCAAAATAACACTTTTAAATCTTTCAATCTGATTAGATTAGGTT9CCGTTTGGTAATAAAACAATAAMTC ( 77 )

AGTATATCAGGCATTGGATGTGAATAAAGCGTATAGGTTTACCTCAAACTGCGCGGCTGTGTTATAATTTGCGACcTTTGAATCCGGGATACAGTAGAGGG ( 78 )

5.23
5.23

99.18
4.85

53.48
52.65
53.07
92.64

13.27
13.27
43.51
94.48
36.32
15. 44

15. 44
24.79
24.78
17.14
17.14
57.69
87.49
87.49
18.34
18.34

87.45
15.33
76.72
16.37
16.37
72.20
57.68
45.22
94.21
59.13
56.55
60.87
50. 37

gyrB AGTGCTGAACACGTTATAGACATGTCGGACGAAAATTCGAAGATGTTTACCGTGGAAAAGGGTAAAATAACGGATtAACCCAAGTATAAATGAGCGAGAAA (79) 83.57

hemA-P1 ACAAGTCCTTGAGATACGTTGCAGTTATAACCCTTAATGCTAGCGTTACCGTCCGCTATCGTCTATGTTCAAGTTgTCTTAATTGCCAGAATCTAACGGCT (80) 27.20

hemA-P2 TAACGGCTTTCGGCAATTACTCCAAAAGGGGGCGCTCTCTTTTATTGATCTTACGCATCCTGTATGATGCAAGCAgACTAACCCTATCAACGTTGGTATTA (80) 27.20

hisA TTCGTCTCACTGACAATACCTTGATCTACAAACTAATTAATAAATAGTTAATTAACGCTCATCATTGTACAATGAaCTGTACAAAAGTGGATTGACATGCG (81) 44.98

hisB AACCAACTACATTCTGGCGCGCTTTAAAGCCTCCAGTGCGGTGTTTAAATCTTTGTGGGATCAGGGCATTATCTTaCGTGATCAGAATAAACAACCCTCTT (82) 45.06

hisG TAAACAAATTCATTGTCATAAAATATATAAAAAAGTTCTTGCTTTCTAACGTGAAAGTGGTTTAGGTTAAAAGACaTCAGTTGAATAAACATTCACAGAGA (83) 44. 99

hisS GTCGAATTGACGTTCAGCAGGTTGAAAAATAATAACGTGATGGGAAGCGCCTCGCTTCCCGTGTATGATTGAACCcGCATGGCTCCCGAAACATTGAGGGA (84) 56.69

hsd CAAACCTCTAGGCAGGTCATTCGTAGCCTAATGTCCGAACTGCTAAAGCATCCAAGTTGCTGTAGAATCACCGCCATTACATAAGCCTGAAATAAGTGGA (85) 98. 44

htrA AGACGAACAATAAATTTTTACCTTTTGCAGAAACTTTAGTTCGGAACTTCAGGCTATAAAACGAATCTGAAGAACaCAGCAATTTTGCGTTATCTGTTAAT (86) 3.88

ileR-Pl CTCACGGTGCTACAGGAAACGTTTTACCCCAGCGCATTTGGGAATGCCAGCAGAGTTTTTTATGCGTTAATAGATaTGGAAAGCGGCTCGGAGAGAAAAGC (87) 95.88

ileR-P2 CAGCAGAGTTTTTTATGCGTTAATAGATATGGAAAGCGGCTCGGAGAGAAAAGCAAAAGGTGAGGGAATTACAAAaCAGAATGCGAGTCGTCTCGCAAAAA (87) 95.88

ilvBN AAACGTGATCAACCCCTCAATTTTCCCTTTGCTGAAAAATTTTCCATTGTCTCCCCTGTAAAGCTGTGCTTGTAT AATATTGTTAAACACAAAACCAACA (88) 82.98

ilvC GTTGACGTTGCAAAAATTGCAATGTGACGTTGTGAATATATCAATTTCCGCAATAAATTTCCTGTCATATAGTGAaTTCAATCTCGCAAACGCGAACCGAA (89) 85.31
ilvGMEDA-Pl ACAACATTCATACTGAAATTGAATTTTTTTCACTCACTATTTTATTTTTAAAAAACAACAATTTATATTGAAATTaTTAAACGCATCATAAAAATCGGCCA (90, 91) 85.14

ilvGMEDA-P2 ATTATTAAACGCATCATAAAAATCGGCCAAATATCTTGTACTATTTACAAAACCTATGGTAACTCTTTAGGCTTCCTTCGAACAAGATGCAAGAAAA (90, 91) 85.15

ilvGMEDA-Pe CCGCCAGCGATGCACAAAATATAAATATCGAATTGACCGTTGCCAGCCCACGGTCGGTCGACTTACTGTTTAGTCaGTTAAATAAACTGGTGGACGTCGCA (92) 85.19

ilvIH-P1 GTTTATTCTTATTACCCCGTGTTTATGTCTCTGGCTGCCAATTGCTTAAGCAAGATCGGACGGTTAATGTGTTTTaCACATTTTTTCCGTCAAACAGTGAG (93) 1.84

ilvIH-P2 ATTTATTATCAATTTAATCCTCTGTAATGGAGGATTTTATCGTTTCTTTTCACCTTTCCTCCTGTTTATTCTTATtACCCCGTGTTTATGTCTCTGGCTGC (93) 1.84

ilvIH-P3 GGTTTATTCTGCATTTTTTATTGAATGTAGAATTTTATTCTGAATGTGTGGGCTCTCTATTTTAGGATTAATTAAaAAAATAGAGAAATTGCTGTAAGTTG (93) 1.83

ilvIH-P3' TTTATTCTGAATGTGTGGGCTCTCTATTTTAGGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATT(AGCCGATTTATTATCAATTTAATCC(93) 1.83

ilvIH-P3' GGCTCTCTATTTTAGGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATTCAGCCGATTTATTATCAaTTTAATCCTCTGTAATGGAGGATTT (93) 1.84

ilvIH-P4 GCAGAATAGGTCAGACATGAATGTCTGGTTTATTCTGCATTTTTTATTGAATGTAGAATTTTATTCTGAATGTGTgGGCTCTCTATTTTAGGATTAATTAA (93) 1.83

ilvY TATTGTTCGGTTCGCGTTTGCGAGATTGAATTCACTATATGACAGGAAATTTATTGCGGAAATTGATATATTCAC ACGTCACATTGCAATTTTTGCAACG (89) 85.31

infC GCGCATATCTTCTGTACTGAAGAACAAATTCGCGATGAAGTTAACGGATGTATCCGTTTAGTCTATGATATGTACaGCACTTTTGGCTTCGAGAAGATCGT (94) 38.74

katE CTGGCTTCACTAAACGCATATTAAAAATCAGAAAAACTGTAGTTTAGCCGATTTAGCCCCTGTACGTCCCGCTTTgCGTGTATTTCATAACACCGTTTCCA (95) 39.00
lac 7TTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGG9ATTGTGAGCGGATAACAATTTCACA96) 7.99

lacI GACACCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCgGAAGAGAGTCAATTCAGGGTGGTGA (97) 8.01

lep ATACCACAATCCATACGGTATGAACATTTCCTCGCCTCAATGTTGTAGTGTAGAATGCGGCGTTTCTATTAATACaGACGTTAAGCTCAGAACAGCGACTT (98) 58.15

leu CAGAACTCACGCTGGCGGGACGTTTTTATTGCGTCAGGGTTGACATCCGTTTTTGTATCCAGTAACTCTAAAAGCaTATCGCATTCATCTGGAGCTGATTT (99) 1.80

lexA GAATTCGATAAATCTCTGGTTTATTGTGCAGTTTATGGTTCCAAAATCGCCTTTTGCTGTATATACTCACAGCaTAACTGTATATACACCCAGGGGGCG (100) 91.74

livJ CAATCCCCACGCAGATTGTTAATAAACTGTCAAAATAGCTATTCCAATATCATAAAAATCGGGATATGTTTTAGC(GAGTATGCTGCTAAAGCACGGGTAG(101) 77.52

livK CGCCCCTTTGTGCCGTTATTTTATGCTGACAAAGGCACTTTTTTCTGTTTGTCTATCAATAAATTCGGAATATTAtCTGTTCTTAATCGACTGAAAAATGG (101) 77.48

lpd GTTATTAGCGAATAGACAAATCGGTTGCCGTTTGTTGTTTAAAAATTGTTAACAATTTTGTAAAATACCGACGGAtAGAACGACCCGGTGGTGGTTAGGGT (2) 2.74

lpp CGAACGATCAAAAATAAGTGCCTTCCCATCAAAAAAATATTCTCAACATAAAAAACTTTGTGTAATACTTGTAACgCTACATGGAGATTAACTCAATCTAG (102) 37.81

malE GATCACACAAAGCGACGGTGGGGCGTAGGGGCAAGGAGGATGGAAAGAGGTTGCCGTATAAAGAAACTAGAGTCCgTTTAGGTGTTTTCACGAGCACTTCA (103) 91.51

maal I AG(3GATAAAACGTTTTATCATTTTAGTGAGGCATAAATCACATTACGCAACGATAATAGCGGGTATAAGATAaATAAAAGGTAAAACGTTTTATCTGT(104) 36.56

maalK CTCCCGCCTCCTCCCCCATA(AAAGCCAGGGGGTGGAGGATTTAAGCCATCTCCTGATGACGCATAGTCAGCCCaTCATGAATGTTGCTGTCGATGACAG(103) 91.52

CTCCATACGGTTGTTGGTGGTGCGGGTGTAGCCAGCGCTAAAGGTTTTCTCGCGTCCGCGATAGCGTAAAATAGCgCCGTAACCCCCAGGTCCTGGATTGC
CCCCAGGTCCTGGATTGCCCAGACACGAACCATCGGTGAAAATTTCTACCTGTTTAAGCATCTCTGGTAGACTTCoTGTAATTGAATCGAACTGTAAAACC

TACGGACTCGCTTTTCTGGCTAGTGAAGCAATATTGCGGCGCTACGCTCAATGAAACATTTAAATACTATACGAC&GCGACATTTATCGCTTCAGTCGTCC
TAAGGCTGCGCAAATTTCTCTATTAAATGGCTGATCGGACTTGTTCGGCGTACAAGTGTACGCTATTGTGCATTCgAAACTTACTCTATGTGCGACTTACA

TGGGCGGTGTCGTCTTTGAGTGTAAAGTACCAGTGACCGGAAGCTGGTTGCGTGAAATTAGAAATTTCGCCGctg&TCCAAACCTGTCCCATCTCATGCTC

TAATTAATGTCCGCGCTTCCCACGGCGCGCCATTACGCTATTGCAAATGCAAATAGTTATCAATAATATTATCaAtATATTTCTGCAATCAATGAAAAATT
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malPQ CTCCCATCCCGCATCCGAGTAGAGCAACACTGAATGGTAGTTTGAACAGAA(105) 76. 51

malT GCCGGAATAAAAAAAAGCTGTGATGAGTTTGCACTTACTATAGACCAAA TA(106) 76.52

manAAATAATGAGCTTGGCCAGTCTCGAGTCTCTATGGGTATtCCTAACGGTGTA (62) 36. 33

manX TTCATGAGTATAGACTACCTAAATTTCAACAATATGGACAGGTTTGTTGCT(107) 40. 95

melA CAGGATCTGAGTTTATGGGAATGCTCAACCTGGAAGCCGGAGGTTTTCTGCAGATTCGCCTGCCATGATGAAGTTaTTCAAGCAAGCCAGGAGATCTGCAT (108) 93. 57
metA-P1i ATTTCTGACTCCCTCAAGAGTGCTGCATTCGTACTAC&CGAGCAAGAAGG (109) 90. 84

metA-P2 CCTCTAGCTACGGAATATCATTTTCTTGCTCTTTCACTGCTTCTAATT CCC(109) 90. 84

metBLTATTTCCAGATTGTTCGTTTGCTCTACCAGTATTtGCgCTTACAAACCGG (110) 88. 99

met j-P1 CCAATACTGGTAGAGCAAACGAACAATCTGGAAATACaTCAAACGTAATT (110) 88. 99

met j-P2 GCAAACGAACAATCTGGAAATACATCAAACGTAATTTCTACCCGCGTC TCA(110) 88. 99

met j-P3 AATAAGATTAGCAAGGATCCAGCCGACCTTCGAATTCGTTCGCGACAA ACT(110) 88. 99

mntl TTTTTTATAACCCAAGCTGCGAATACGTCAGCGTTGAttTCAGTCGTCTTC(111) 81 .24

nagB-Pl1 CGTGCCTTTCCATCGTAGTAAAGCATCCACGTAATTCtTGGTATAGGCGT (112) 15.28

n#gB-P2 AAGGGCTTTATTGCCAAACTATTATCTTATGTACAAACTTTACTCAAA AGT(112) 15.28

nagD TAAGGCTCCAGTTTGTCGATGTGAATAGGTTAATGGTaTTGCAATTGTGC (113) 15.21

nagE ATAAAGCCCTTATGGTCATAATTAAATTTGAAGTTAATTTTCGAACGATAA(112) 15.28

narGTTTACCACCCTACTACATCAGTTTAACTACTCCTACTaoAGCATACGGGC (114) 27.55

nrd GCATTTCTCGGTTCCAGTTCCTCAAGTATTAATTTGAtatCAAAACCTTTT(115) 50.50

nupG GAATGATTTCATTTCAAGACAAACGCGGATGTGACCTaCCCCGCATTCTT (116) 66.88

nusA ATTCTCTTGTCCAACCGATTTCTTTACAACATGTTGCCTTAGGGGTGGA CT(117) 71 .43

ompA-P1i CTAAAGCTTTTAAGCGCGGTAATGAGTTACAGTTGCTaACCAGGGTGCTA (118) 22.00

ompA-P2 TTCAATTTTCTTCTAGATCCCTTATTCATCTGAATTCTGCAGTCCGAA CGA(118) 22.00

ompB AGGTAACAAATATAGTCCGAAATTTCTACGTTTTAGTTTCATTGCGATCAC(119) 76. 17

ompCCGTATAAACTAATTATTAATGGTGTATTCTTTGGGAGAtGCATATAGGGTT (120) 49.76

ompF TTTAACATTTTTTTGATTAGTGGACTATTATGAGTCTCGCCTAGCCAATCA(121) 21.27

orf83-Pl1 GGCCTCAACATAGAAAACCGTGATCAAGGTGGAACTToGACCGGGTTCTG (87) 95.88

orf83-P2 AAAACCGTGATCAAGGTGGAACTTCGACCGGGTTCTGAACTAGGTCGGGAT(87) 95.89

oxyR GCCCGTCGGGATACGCGAGTGTGGTACTCTGTTCACACCTGATTGGCAGGG(122) 89.63

p-lInt- GCCTAGTCTGCGTGTACGCCGAAGTGGATGTTTAGGGCC TGCCCGTCTATC(123) 52.55

pabA-P1i GGTTACCCGAAGTTTGAATGAGGACGGATTATAAACCgTTTGACGGCCAG (124) 75.16

pabA-P2 ATCCCCGCACTCCCCTTCCCCGGACCGTTCGTAATGGCATGCCTCGGGACA(124) 75.18

pac GTTGGTAATCTAGACATTTCATGTACGACTGTCAATAtcTATAAACGCGAG(125) 90.17

pckA CCAAAACAATACTTGGAATTCCCTAAGTTTTCAATGACGTCTAAGACCGTT(126) 76.08

pdx GTTTATCTTCTTCTAACTGAGAGCGCGGGTAGCCCTTC TAATTGCCTCGTA(48, 123) 52.57

pepD-Pl1 CGATCCTATCCTTTTCCCGCCCCGCCGAAATGATTAAaaCCCACTTTGGT (127) 5. 65

pepD-P2 CCGCCCCGCCGAAATGATTAAAACCCACTTTGGTAACTTCGTACTTAC CAT(127) 5. 65

pfkB ATTATAGTCAAACTTGTATCTATTCCGTCGGCGCGATaCTTGAGATAGTC (128) 38.84

pgsA GGTTTGAGTTGAAAGTTCGTGTAAATAGCCGACAAAGGaACTCGCAAAATAC(129) 42.95

phe ATATTTGCAGGCTGGGGTTTTGCGGGAAATCGTCTATAGCCTAGACACTAA(130) 58.87

pheST GTGCTCTTTCTTACCACAAATATTACCGACTTCTAAGCTTAGGACAAGA GC(131) 38.70

phoB CGAACAACTAGTTTCAGGTTCTATTTAAACGCCTAGCTgCTATACCACATAT(132) 9.07

phoE TAAATCAATTAATTATACGATTTTTAATTAGTAACTCT TTCAGGCCCCCAA(133) 5.72

pncB8AGCTGCAAAGGCTTGGGTGGTCAAATCAAAGTTCCACqTCGAAGTATTCA (134) 21 .34

pnp CGAAGGCTATGCCTTTAGTAGCGATCCGAATAGATTGTGATACTCTGAAGT(135) 71 .28

PPCATCTCATATGTGTAGGTTGACTTAGCCGTTAGGCTA AA aCAGAACAGCGG T (136) 89. 52

proU-P1 CCCGAGAAATCCCAAACTTACCCATATGGTACAATAATtTGATTCCTA CAC(137) 60.41

proU-P2 TACCCATATGGTACAATAATTTGATTCCTAACCAATAGgTTTGTTTTA AAA(137) 60.41

proUl-P3 TGTGACAATAGCCTTCACGGTGCCGTCCGAGTGGAAAAGACATCATGT TTA(137 60.42

prs AGTGGGTACCAAACTTCCAGTAGGTCTCTGTTAATCCCGCCCTATGAAGGC(138) 27. 17

ptr CGTTTGTTACGCTATCGAAAATCCACACGTATTTAGGACGCCGCGTGTTTA(139) 63. 72
ptsH CTAAGAACAACGACATTTATGTCATTCTTGGCTAGTAT CGAGACTACGCCA(35) 54. 60

purE AACCCATTCGTTAACAGACGTTCTCCCTCGGTTCCGGcTTAGCAATGGA AC(140) 11. 97

purF-P1 TACCATTATAGGGGAGATCTCCACTTCTTCGTAAGGCCACGAGCGGGA ACG(141) 52. 42
purF-P2 GAACCAGAAGTTTTTTTAATCCCGAAGTAAGCTAACTGA CAAGTTGTGTCG(141) 52.42
purHD CGCAATTACCATAAAAAATGGGGTCCACTTCTAATCGCAAAAGAGCCTA GG(142) 90.70
purMN CGGAAGCTCAAGTGGAACGCCCACTTCTCCGTGTTCCgATTTTTTCGAGAC(143) 56.27
purR ATTCGCTTTAGTATTTTCATCCTTCTAGTGCAATCAGTA CTTTCTCGCA GA(144) 37 .40
putA CTCTTTACTCAGAGCCTTAAGTGAAATGACTAGAATCCTACTAGTCCTTGA(145) 23.28
putP-P1 CAAAGGGGGGACTAGAATGGCCGGATAATATTATGGGtATGTGGAACACC (145) 23.28
putP-P2 GGGGGACTAGAATGGCCGGATAATATTATGGGTATGTGGTACACCTCGGAT(145) 23.28
putP-P3 GGACTAGAATGGCCGGATAATATTATGGGTATATGGAACGCCTCGAGTGTC(145) 23.28
putP-P4 GCTGAGCACTAAAATTTAATGTAAATGGTGTGTTAAATCGATTGTGAATAACCAGCGCTTCCGGCAGGATACGGTOGCCCTGGTA.AAACATAACTCTGTT (145) 23.29
putP-P5 GTAAAACATAAACTCTGTTACCCCGTTCCGGTGGCAGATATAACGGCAAGTTTCGACATTGCC0ATAATAATTTTtTGGAGACTTTAGATGGCTATTAGCA (145) 23.29
pX- CCAGACGGTGGCCGTCGGTTGCCACGGTGCGCAGTTCTTCACCTTCGGTTTCAACAGCATACCATTTAAGTaataGCGACGTCCTGATGCGCCATAGAA (146) 83.61
pyrBI-Pli GATACAATTACGTGTTAATCCCAAGCGTATGAAATCTttATCTAATAAAG (147) 96. 37
pyrBI-P2 AATACGTGGTAAATTGACATCTCCGTCTAGTATTAGCGcLTTCGGGAGAGTC (147) 96. 37
pyrC GATTAATCACGAGGGCGCATTCGCGCCCTTTATTTTTCGTGCAAAGGAAAACGTTTCCGCTTATCCTTTGTGTccgGCAAAACATCCCTTCAGCCGGAGC (148) 24.23
pyrDACGTCGAAGTGGTTTTCGAGCATCTTTGCGATGAAATCoCcGTTCCCGGAC (149) 21. 66
pyrE-P1 GGGGTGAGTAACACAGCTTAGTGATACCGAGCGAATCCgCCTTTTAGCGGT (150) 82. 18
pyrE-P2 CCTCCCTATCCCGGGAGGTAATCGTAAAGTCGTAAAGAaGGAGATTGCTGT (150) 82. 18
pyrF GCGGAAAACTCAGGGATGACGTATTTTTCCGTGTGTGC TTCTTTGGCCTGG(151) 28. 91
pyrG-Pl CATTTGTGTCATTTTTTAA.ATGACAAGCGCTTGATTTGCGTCAAAACATTTACCCCAAAGGGGCTATTTTCTCcAtcctqarTTTCAATAGTGCGCTGGCG (152) 62.68
pyrG-P2 GATTTCAATAGTGCGCTGGCGAAGAGGAGGGATAATGAAAGTTTGTGGCACAGGTCATGTTCGGGTATACTGCTTtcccgTCTTGGTTATTCCATCGTCTT (152) 62. 68
rbs AACGTTTCGAGGTTGATCACATTTCCGTAACGTCACGATGGTTTTCCCAACTCAGTCAGGATTAAACTGTGGGTCaGCGAAACGTTTCGCTGATGGAGAAA (153) 84.77
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GTATGCTTGCAGACCTTGTGGCAACAATTTCTACAAAACACTTGATACTGTATGAGCATACAGTATAATTGCTTC&aCAGAACATATTGACTATCCG(
AAGCGTCTGATTGAAGCGACCCAGTTTTCTATGGCGCATCAGGACGTTCGCTATTACTTAAATGGTATGCTGTTTgAAACCGAAGGTGAAGAACTGC(

CGAGCAGGTGCCGCAGGTGTTATGCAGCAAATTATAAAACTGGAACCTATTCGTATAGTTTATGTATCCTGTAACcCTGCAACGCTGGCTCGGGATA(
TGATTTAAACATCCGCAGCCAACCGGTTAGCGGCTTACACGCGGTCACATTCAAATGCGATTCTGCTACAATCCToCCCCCGTTCGAAGATTGAGCAJ
GTAAGGGAATTTCATGTTCGGGTGCCCCGTCGCTAAAAACTGGACGCCCGGCGTGAGTCATGCTAACTTAGTGTTgACTTCGTATTAAACATACCTTJ
CCGGTGGTTTCGGTATCGAGAACGATCTGGCGTGTAATTGCAGTGCTCATAGCGGTCATTTATGTCAGACTTGTCgTTTTACAGTTCGATTCAATTAC
GTTGACCAGGCTGGCCTGAGCGCTTCTGTAAACTAATGCCTTTACGTGGGCGGTGATTTTGTCTACAATCTTACCcCCACGTATAATGCTTAATGCAC
AAAAGCCTAACCCAGCGATCAAAAAAGCGGCGATTTAATCGTTGCACAAGGCGTGAGATTGGAATACAATTTCGCgCCTTTTGTTTTTATGGGCCTTC
TCTGGGCCTGGTAATCGCGTGCCTGCCGTACGCATAAGCCGTTAACGTTTTTAACTTTTTAATTAGAATATAGATaCAG6AGAGCACATATGGCTCGC
AAAAATTGGCTTAATCGATCTAATAAAGATCCAGGACGATCCTTGCGCTTTACCCATCAGCCCGTATAATCCTccaccCGGCGCGCCATGCTGGTTTC
CTGCGAAAAGGTGCGGAAAAGCGCGGTAAATAAGGAAAGAGAATTGACTCCGGAGTGTACAATTATTACAATCCGgcctcTTTAATCACCCATGGCTI
GGCGGGCACGATTTACGCCGCATATTGGAAAATTTAATGACCATAGACAAAAATTGGCTTAATCGATCTAATAAAgatcCAGGACGATCCTTGCGCTI
AGCCTTTTGCGCTGTAAGGCGCCAGTAGCGTTTCACACTGTTTGACTACTGCTGTGCCTTTCAATGCTTGTTTCTaTCGACGACTTAATATACTGCGO
TGCCAAAAGCGGCAGAGAGCGGCGTTTCTCGCCCTGTTCCGCAGCTAAAACGCACGACCATGCGTATACTTATAGgGTTGCTGGTGCAAAATCCAGAJ
AGAGAACTGGTCAACACTTGTCTCTCCCAGCCAGGTCTGACCACCGGGCAACTTTTAGAGCACTATCGTGGTACA&ATAATGCTGCCACCCTTGAAAJ

GTAT (154)
GCAC (146)
AACC (146)
GCGA (155)
ATAC (156)
ATTA (157)

CAGG (52)
GACG (158)
GCCC (158)

CGTA (131)
CCAC (50)

TCGG (50)
TTAC (50)
ACAG (159)
ATTA (160)
AACT (160)
TCAC (160)
CACT (160)

CTGCACGGATCAACATTACGCCACTTACGCCTGAATAATAAAAGCGTGTATACTCTTTcctGCAATGGGTTCCGTAGCAGGGAAAG (161)

CACATTTTGTGC:GTAATTTATTCACAAGCTTGCATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAGTGAAtgATAACCTCGTTGCTCTTAAGCTCT ((161)

CTATGTCACATTTTGTGCGTAATTTATTCACAAGCTTGCATTGAACTTGTGGATAAAATCACGGTCTGATAAAAC&GTGAATGATAACCTCGTTGCTCTTA ((161)

GACGCCTCCTCGGAAGAACGTGCGCATCGCCGCATGCTACAGTTGCAGGTGAAGGGCTTTAGTGTTAACTTTGAGagcCTTTTGGCCGAGATCAAAGAACG {(162)

CCTCGGAAGAACGTGCGCATCGCCGCATGCTACAGTTGCAGGTGAAGGGCTTTAGTGTTAACTTTGAGCGCCTTTtggCCGAGATCAAAGAACGCGACGAC ((162)

CGGCAGCCGATGCTTTAGTGTTGGATTCCACCACCTTAAGCATTGAGCAAGTGATTGAAAAAGCGCTACAATACGcgcGCCAGAAATTGGCTCTCGCATAA ((162)

TGAGAGATAACCCGAAGGCTGTTTACTTTACTAGCAATACGCTTGCGTTCGGTGGTTAAGTATGTATAATGCGCGgGCTTGTCGTAGTTGACAGCAGGTTC ((163)

GTCGCCTGGTGGTTGAATACCCGGCGTAATGTTAACCGTCTTGCGATAACAGGTCGCTACGAGTAGAATACTgCCgCTTAACGTCGCGTAAATTGTTTAAC ((135)

AGTGTAGGACCAATGCGGGTTGATGTAAAACTTTGTTCGCCCCTGGAGAAAGCCTCGTGTATACTCCTCACCcttataaaAGTCCCTTTCAAAAAAGGCCG ((164)

CCCTTATAAAAGTCCCTTTCAAAAAAGGCCGCGGTGCTTTACAAAGCAGCAGCAATTGCAGTAAAATTccgCACcattTTGAAATAAGCTGGCGTTGATGC ((164)
ATACTGTGCCATTTTTCAGTTCATCGAGACACCTCGCAAGTTTTCTTCATCCTTCGCTGGATATCTATCCAGCATtTTTTTATCATACAGCATTATCTTTG (165)

CCATTTTTCAGTTCATCGAGACACCTCGCAAGTTTTCTTCATCCTTCGCTGGATATCTATCCAGCATTTTTTTATaATACAGCATTATCTTTGATTCATTA ((165)
CATGATCTATTGCCACTCGCTGCCAAATTGTGGCGCTAAAGCTGATTAGCACGGTGATATTTGATACTCTGGCaGaCAGCAGAAATAACGGATTTAACCTA ((166)

TGTTCAGGATAAAACCCGACAAACTATATGTAGGTTAATTGTAATGATTTTGTGAACAGCCTATACTGCCGCCAGtCTCCGGAACACCCTGCAATCCCGAG ((167)

CCTCTCTTCCCCTGAAGGTTTCGAGCAAGCTTCCGCGATTATGGGCAGCTTCTTCGTCAAATTTATCATGTGGGGoATCCTTACCGCTCTGGCGTATCACG ((167)

GGGCGTTGTAGCAAAAGTTCTGAGCTAATTGCCGATAACATTTGACGCAATGCGCACTAAMGGGCATCATTTGATgCCCTTTTTGCACGCTTTCGTACCAG (168)

ATCTTCCACCCTTTGAAAMTTTGAGACTTAATGTTGCCAGAAGCAATGGATACAAGGTAGCCTCATGCGTTATTTtCCCTGCTTCGAACGATTTTACAGGA (169)

TGCCCCTCAACGGTTTTACTCATTGCGATGTGTGTCACTGAATGATAAAACCGATAGCCACAGGAATAATGTATTaCCTGTGGTCGCAATCGATTGACCGC (170)

TCGAAGCAGGGAAAATAACGCATGAGGCTACCTTGTATCCATTGCTTCTGGCAACATTAAGTCTCAAATTTTCAAaGGGTGGAAGATGGCTCGCACAAAC ((169)

TAAAACTTTACCCTGTTGTTACGGCAACAGGGTAAGTTCATCTTTTGTCTCACCTTTTAATTTGCTACCCTATCCaTACGCACAATAAGGCTATTGTACGT (171)

AATACGAATAAACGGCTCAGAAATGAGCCGTTTATTTTTTCTACCCATATCCTTGAAGCGGTGTTATAATGCCGCgCCCTCGATATGGGGATTTTTAJ
ACCGATCTTGATGCTGAACTGCAACAACAGTTCCTTGAAGAGTTCGAGGCAGGTTTGTACGGTTATACTTATCTTgAAGATGAGTAAGTCCTGTGTT,

CTGCAGGACAACAGtAAAATCAGAGCGTTTCTGCTT7
CTGCAGGACAACAGTAAAATCAGAGCgTTTCTGCTTTTACTGATGTCTC

TTAATTATGACACAAATTGACCTGAATGAATATACAGTATTGGAATGCATTACCCGGAGTGTTGTGTAACAATGTcTGGCCAGGTTTGTTTCCCGGAA
GTCTGGCCAGGTTTGTTTCCCGGAACCGAGGTCACAACATAGTAAAAGCGCTATTGGTAATGGTACAATCGCGCGtTTACACTTATTCAGAACGATTI
TTTGTTTCCCGGAACCGAGGTCACAACATAGTAAAAGCGCTATTGGTAATGGTACAATCGCGCGTTTACACTTATtCAGAACGATTTTTTTCAGGAGA
CCAGATGGCCTGGTGATGATGGCGGGATCGTTGTATATTTCTTGACACCTTTTCGGCATCGCCCTAAAATTCGGCgTCCTCATATTGTGTGAGGACGT
GCGCAGCGCATCAGGCGTAACAAAGAATGCAGGAAATCTTTAAAAACTGCCCCTGACACTAAGAGAGTTTTTAA&GGTTCCTTCGCGAGCCACTACC
ACGACAAAATTTGCGAGGCTCTTTCCGAAAATAGGGTTGATCTTTGTTGTCACTGGATGTACTGTACATCCATaCaGTAACTCACAGGGGCTGGATTG
CGAACGATTGTGATTCGATTCACATTTAAACAATTTCAGAATAGACAAAAACTCTGAGTGTAATAATGTAGCCTCgTGTCTTGCGAGGATAAGTGCAT
GCCAAAAATGACATTTTCACTGATCCTGATCGTCTTGCCTTATTGAATATGATTGCTATTTGCATTTAAAATCGAgACCTGGTTTTTCTACTGAAATG
TTCTAAAATGCCTGACAGTTCGCAGAATGAGATTTCGATCATGCAGCTAGTGCGATCCTGAACTAAGGTTTTctgaTACTTGAATACCGTTTTATTCG

ACATCATAACGGTTCTGGCAAATATTCTGAAATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCAAGTTCACGTAAAAAGGGTATCG
CACCAGGAGCAACTGGCAGGCGGAACACCGGAAGAAAACCGTGACATTTTAACACGTTTGTTACAAGGTAAAGGCgACGCCGCCCATGAAGCAGCCGI

;CTTACaTCACCTGGATTGATAGTAAAAG

kGGCTCaTCTGTATACGAAATATTTAGAA

TTATTGTACATTTATATTTACACCATATGTAACGTCGGTTTGACGAAGCAGCCGTTATGCCTTAACCTGCGCCGCaGATATCACTCATAAAGATCGTC
GCGTATATTGCTCGCCTGATTCAATCATCATATTTAACACTTCATGACCGTGAATAGAGTCCATCGTCCCTCCTCAAAAAAGCCTAGCGTAGCGATT
GTTTTTCCGTCTTTGTGTCAATGATTGTTGACAGAAACCTTCCTGCTATCCAAATAGTGTCATATCATCATATTA&TTGTTCTTTTTTCAGGTGAAGG

TGAGGAGTATACACGAGGCTTTCTCCAGGGGCGAACAAAGTTTTACATCAACCCGCATTGGTCCTACACTGCGCGgtaatAAAGCGAGGTAAAACAAG
AGCAGCCTATGCAGCGACAAATATTGATAGCCTGAATCAGTATTGATCTGCTGGCAAGAACAGACTACTGTATATaAAAACAGTATAACTTCAGGCAG

CAGATCGAACCAGAAAAAACAGAAAGCCCATTTGCCAGTTTGTCTGAACGTGAATTGCAGATTATGCTGATGaTCaCCAAGGGCCAGAAGGTCAATGA

CCTGGGACAGCCGTTTACTGCCGCATCTGGAAATTTCCCGGTTGGCATCTCTGACCTCGCTGATATAATCAGCAAaTCTGTATATATACCCAGCTTTT
ATAATCAGCAAATCTGTATATATACCCAGCTTTTTGGCGGAGGGCGTTGCGCTTCTCCGCCCAACCTATTTTTACgCGGCGGTGCCAATGGACGTTTC
AGTGAAATTGTTGTGATGTGGTTAACCCAATTAGAATTCGGGATTGACATGTCTTACCAAAAGGTAGAACTTATaagCCATCTCATCCGATGCAAGCC
CGATATATTGATTAGTCTGCGAACAAGCTTTGCAGATTTTGCCACCGCTTTCACAGAAGTGGTAGACTTCGTTCCtTATGAAGATTCGTCCTGAAACA

GCTTTTCCCGTAATCGCACGGGTGGATAAGCGTTTACAGTTTTCGCAAGCTCGTAAAAGCAGTACAGTGCACCGTSAGAAAATTACAAGTATACCCTG

60.84
83.61

83.61

62.77
85.36
85.48
5.23

90.08

90.06
38.71

83.65
83.66
83.65

90.11
69.18
69.19
69.19
69.19
77.55

77.55
77.55
20.76
20.76
20.76
74.37
71.29
69.15
69. 15
41.92
41.92
44.84
16.38
16.39
90.03
99.67
20.67
99.67

37.35
ACGA (172) 74.25
ACTT (173) 66.40
rTAC (174) 66.95
GGCG (174) 66.95
rGAC (174) 66.95
kCCG (175) 92.11

TTTT (175) 92.11

kCAC (175) 92.11

rTTT (172) 74.81
;TAG (176) 16.45

GATT (177) 22.02
rTAT (178) 83.75
3ATT (179) 28.22
3GTT (180) 26.84
kTCA (181) 89.73
3ACA (182) 28.48
rCGC (183) 28.41
kTTT (182) 99.84
CGT (184) 85.47
;TTA (184) 85.47
;TTT (185) 9.40
ACG (185) 9.39
rAGG (186) 89.99
iAAC (187) 91.97
AGG (188) 42.88
rGCC (188) 42.88
,TTC (189) 29.20
;TCA (164) 69.14
;ATT (190) 26.48
ACG (191) 58.37
iTGC (192) 92.11

;GTA (193) 17.61
.AAT (193) 17.61
'GCG (193) 17.60
iTCC (194) 43.00
iGAT (195) 42.99

rTGG (196) 86.17
:TTA (197) 86.17
ACG (198) 98.20
kACT (199) 96.60

OGCG (199) 96.60
OGCT (200) 41.67

recA

recF-Pl

recF-P2
relA
rep

rho
rnh
rplJ
rplK
rplT
rpmH-P 1

rpmH-P2
rpmH-P3
rpoB

rpoD-Pa
rpoD-Pb
rpoD-Phs
rpoD-Phs/min
rpoH-P1
rpoH-P2
rpoH-P2*
rpsA-P1
rpsA-P2
rpsA-P3
rpsJ
rpsO

rpsU-Pl

rpsU-P2
ruv-Pl

ruv-P2
sbcB
sdh-P1
sdh-P2
secE

serB

serC

smp

sodB

spc

speB

speC-Pl
speC-P2
speC-P3
ssb-Pl
ssb-P2
ssb-P3
str

sucAB

sulA
tnaA

tonB

treA

trmA

trp

trp-P2
trpR
trxA-P1
trxA-P2
tsx-Pl

tsx-P2
tufB
tyrB
tyrP-Pl
tyrP-P2
tyrR
udf-Px-
umu

ung
uvrA

uvrB-P1
uvrB-P2
uvrB-P3
uvrC-P2
uvrC-P3

uvrD-P2
uvrD-P2

uxuAB

valS-Pl
valS-P2
zwf
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Table I. Base distribution in the consensus hexamers

-35

T T G A C A

10 6 9 56 21 54
10 7 12 17 54 13
10 8 61 1 1 9 16
69 79 18 16 16 17

19 4 6 52 19 60
8 6 13 17 56 6
4 12 60 6 13 15

69 79 21 25 12 19

9 9 9 56 23 50
9 5 14 20 50 13
8 9 57 1 1 10 18

74 77 19 13 16 19

4 6 1 0 59 20 57
22 4 6 12 51 14
8 6 73 18 6 16

67 84 12 12 24 14

-10

T A T A A T

5 76 15 61 56 6
10 6 1 1 13 20 7
8 6 14 14 8 5

77 12 60 12 15 82

6 75 13 69 62 6
6 12 10 12 17 4
8 0 15 12 10 6

81 13 62 8 12 85

6 82 1 9 53 55 4
15 5 9 18 18 9
8 4 16 17 9 3

71 9 57 12 18 84

0 71 14 61 61 12
8 4 16 12 20 2
6 8 18 14 8 2

86 1 8 53 14 12 84

The frequencies (in %) of the four nucleotides A,C,G,T in each of the consensus positions is tabulated. For
this calculation the promoter sequences, selected as described in the text, were aligned. Frequencies are reported
for the whole database (298 sequences, as 2 sequences missed the region upstream from the transcriptional
start position), and for three groups distinguished by the length of the spacer between the -35 and -10 regions.
In parentheses are the numbers of sequences in each group.

Table H. The degree of consensus conservation in the current and previous compilations

-35 - 1 0

T T G A C A T A T A A T

Hawley and McClure 8 2 8 4 7 9 64 5 4 4 5 7 9 9 5 4 4 5 9 5 1 9 6
Harley and Reynolds 7 8 8 2 6 8 5 8 5 2 5 4 8 2 8 9 5 2 5 9 4 9 8 9
Current Compilation 6 9 7 9 6 1 5 6 5 4 5 4 7 7 7 6 6 0 6 1 5 6 8 2

For each compilation the degree of conservation (in%) of the consensus nucleotides is tabulated.
Note that the three compilations used different procedures for promoters alignment. Degrees
of conservation in Hawley's and McClure's compilation (202) are based on 112 promoters
and taken from O'Neil's calculations (208). Degrees of conservation in Harley and Reynolds'
compilation are taken from that report and based on 263 promoters (203). These two
compilations include all promoters of E. ccli and its phages known at the time. Degrees of
conservation in the current compilation are based on 298 mRNA E. coli promoters (updated
to October 1992).

Table m. Distribution of promoters by -35 to -10 spacer length

-35 to -10 spacer length frequency

1 5 35
16 52
17 129
18 51
19 31

Frequency is expressed in absolute numbers (out of a total of 298 promoters).

Table IV. Distribution of promoters by number of matches to the 12 consensus
nucleotides

No. of matches Frequency

5 2
6 27
7 93
8 86
9 71
10 15
11 4

Average no. of matches = 7.87

Frequency is expressed in absolute numbers (out of a total of 298 promoters).

all promoters A
(298) C

G
T

space = 16 A
(52) C

G
T

space = 17 A
(129) C

G
T

space = 18 A
(51) C

G
T
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Duplicated sequences

The routine sequence analysis computer programs enable
automatic extraction from the databanks, by searching for a

specific query, such as the annotation for mRNA start site.
Analyses based on such datasets may be biased, as the databanks
include many duplications. The same gene and the same promoter
may appear more than once under different code names and
accession numbers, if reported to the databank by more than one
research group. Therefore, at the present state of the databanks,
generation of a sub-database out of a sequence databank must
be accompanied by a search for and exclusion of duplications.

Gene features
The information in the databanks includes the locations of various
gene features. In several cases, we found inaccuracies in the
locations reported in the bank, in comparison to the experimental
paper. In some cases the indicated locations were based on

sequence data alone and not on experimental evidence. Another
drawback regards updates of the gene features based on more
recent procedures. For example, we ran into transcriptional start
positions that were identified initially by S1 nuclease mapping
and more recently by primer extension, resulting in different
allocations, that are not reported in the databank. Therefore, to
have the databank reliable and up to date, it may be necessary

in the future to report not only newly discovered sequences and
their features, but also newly identified gene features.

SURVEY OF PROMOTER SEQUENCES

Two consensus hexamers have been identified in E. coli
promoters, TTGACA located about 35 base pairs upstream from
the transcriptional start position (the -35 region), and TATAAT
located about 10 base pairs upstream from the transcriptional start
position (the -10 region), with an average separation of 17
nucleotides between them (201-203). The sequences in the
current compilation are aligned by the experimentally identified
transcriptional start positions. The promoter sequences upstream
to these positions are not marked to allow unbiased use of this
data in future analyses. Nevertheless, we performed several
statistical analyses on the data to examine the conservation of
the consensus hexamers and the spaces between them.

In the first extensive promoter compilation (202), Hawley and
McClure searched for sequences that matched best the two
consensus hexamers determined previously, TTGACA and
TATAAT with a separation of 15-21 nucleotides between them.
The best matches, with the space between the two hexamers
closest to 17 were preferred. Several of the consensus nucleotides
were identified as highly conserved, relative to others. The
frequencies of the consensus bases in that compilation were used
in subsequent analyses (203, 206) as weighting factors for
different positions within the consensus.

For an unbiased allocation of the -35 and -10 regions in the
sequences of the current database, we used a procedure that is
similar to the one used by Hawley and McClure in their
compilation (202). By this procedure we searched for the best
match to the 12 consensus nucleotides, treating each position
equally. We selected first regions with the highest degrees of
similarity to the 12 nucleotide consensus, with a separation of
15-19 base pairs between the two hexamers. Different
allocations that had equally high matches to the consensus were

1) Homogeneous conservation in the two regions was preferred
to a high conservation in one region and a low conservation in
the second region.
2) Sequences with a space of 17 were preferred and spaces of
16 and 18 were chosen secondly.
3) Spaces of 6-8 nucleotides between the transcriptional start
position and the -10 hexamer were preferred.
Table I demonstrates the distribution of bases in consensus

hexamers based on this procedure. The conservation of consensus
bases is very clear, though the degrees of conservation per
position are somewhat different than in previous compilations,
as demonstrated in Table II. For example, the conservation of
the two first T's in the TTGACA hexamer is less strong in
comparison to Hawley and McClure's (202) and Harley and
Reynolds' (203) compilations, while conservation of other bases,
such as the third T in the TATAAT hexamer is higher (44% in
Hawley and McCLure's compilation, 52% in Harley and
Reynolds' compilation and 60% here). Differences in the degrees
of consensus base conservation in the different positions of the
-35 and -10 hexamers were also evident in comparisons
between the other compilations. Although the degree of
conservation per position depends on the method of alignment,
a general trend may be seen. In the compilation by Harley and
Reynolds there is a decrease in the degree of conservation in 8
out of 12 positions, in comparison to the previous compilation,
although their alignment used different weights for the different
positions based on the nucleotide frequencies. It seems that with
the increase in the database the degree of conservation is more
uniformly distributed among the consensus positions. Positions
that were identified before as highly conserved show lower
degrees of conservation, and other positions, especially in the
-10 region, show higher degrees of conservation.
There is a high frequency of sequences with a space of 17

nucleotides among the sequences with best matches to the 12
nucleotide consensus, as demonstrated in Table IH, with a
symmetric distribution around it. When the sequences are divided
according to the spacer length and the degree of conservation
is compared between the different compilations, the same trend
is seen. The positions that were found to be very strongly
conserved in the two previous compilations show a lower degree
of conservation in the current compilation in all space groups.
Because of the increase in conservation in some positions and

decrease in others, the average conservation does not change
much in comparison to the other compilations. O'Neil (208)
calculated the average conservation in Hawley and McClure's
compilation to be 8.2 conserved nucleotides per promoter, and
we find in the updated database of mRNA promoter sequences
an average conservation of 7.9 nucleotides. However, as is
demonstrated in Table IV, there are promoters that match the
consensus in only about half the nucleotides and they serve
successfully as the sites for transcription initiation. Conceivably,
the RNA polymerase recognizes a specific configuration of the
promoter that is dictated by the sequence but does not require
complete conservation of the nucleotides. The compiled database
may be used to reveal such sequence dependent characteristics
in E. coli promoters.
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